Pulmonary and systemic effects of zinc-containing emission particles in three rat strains: multiple exposure scenarios.
As a common component of ambient particulate matter (PM), zinc has been proposed to play a role in PM-induced adverse health effects. Although occupational exposures to high levels of zinc-fume have been associated with metal-fume fever accompanied by pulmonary inflammation and injury, the effects of PM-associated zinc are unclear. We hypothesized that an oil combustion emission PM (EPM) containing bioavailable zinc would induce pulmonary injury and systemic hematological changes attributable to the leachable zinc following acute as well as longer-term exposures in a rat strain-specific manner. In order to initially characterize the pulmonary response to EPM, male Sprague-Dawley (SD) rats were intratracheally (IT) instilled with 0.0, 0.8, 3.3, or 8.3 mg/kg EPM in saline. To further determine if the pulmonary injury was associated with the EPM leachable zinc, subsequent studies included IT instillation of SD rats with either saline, whole EPM suspension, the saline leachable fraction of EPM, the particulate fraction of EPM (all at 8.3 mg/kg, soluble Zn = 14.5 microg/mg EPM), or ZnSO(4) (0.0, 33.0, or 66.0 microg/kg Zn). Finally, to ascertain the cumulative impact of inhaled EPM in the causation of acute pulmonary and systemic effects as well as long-term fibrotic responses, we exposed three rat strains of differential susceptibility to PM. Male SD, normotensive Wistar-Kyoto (WKY), and spontaneously hypertensive (SH) rats (90 days old) were exposed nose-only to either filtered air or EPM: 2, 5, or 10 mg/m(3) (6 h/day x 4 days/week x 1 week); or 10 mg/m(3) (6 h/day x 1 day/week for 1, 4, or 16 weeks) and assessed at 2 days postexposure. IT exposures to whole EPM suspensions were associated with a dose-dependent increase in protein/albumin permeability and neutrophilic inflammation. Pulmonary protein/albumin leakage and neutrophilic inflammation caused by the leachable fraction of EPM and ZnSO(4) were comparable to the effect of whole suspension. However, protein/albumin leakage was not associated with the particulate fraction, although significant neutrophilic inflammation did occur following instillation. With EPM nose-only inhalation, acute exposures (10 mg/m(3) only) for 4 days resulted in small increases in bronchoalveolar lavage fluid (BALF) protein and n-acetyl glucosaminidase activities (approximately 50% above control). Surprisingly, unlike IT exposures, no neutrophilic influx was detectable in BALF from any of the inhalation groups. The only major effect of acute and long-term EPM inhalation was a dose- and time-dependent increase in alveolar macrophages (AM) regardless of the rat strain. Histological evidence also showed dose- and time-dependent accumulations of particle-loaded AM. Particles were also evident in interstitial spaces, and in the lung-associated lymph nodes following the inhalation exposures (SH > WKY = SD). There were strain-related differences in peripheral white blood cell counts and plasma fibrinogen with no major EPM inhalation effect. The present study demonstrated the critical differences in pulmonary responsiveness to EPM between IT and inhalation exposures, probably attributable to the dose of bioavailable zinc. EPM IT exposures, but not acute and long-term inhalation of up to 10 mg/m(3), caused neutrophilic inflammation. Inhalation exposures may result in particle accumulation and macrophage recruitment with potential strain differences in EPM clearance.